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FOREWORD

Opinfons, interpretations, conclusions and recommendations are those of the

author and are not necessarily endorsed by the US Army,

Wrere copyrighted naterial is quo*ed. permission has been obtained to
use such material.

Where material from documents designated for limited distribution s
quoted, permission has been obtained to use the naterial.

Citations of commercial organfzations and trade names fn this report
‘ do not constitute an official Department of Army endorsement or approval of
~ the products or services of these organizatifons,

In conducting research using animals, the investigator(s) adhered to
¢ "Guide for the Care and Use of Laboratory Anfmals,” prepared by the
- Committee on Care and Use of Laboratory Animals of the Institute of
Laboratory Resources, National Research Council (NIN Publication No. 86-23,
Revised 1985).

For the protection of human Subjects. the investigator(s) adhered to
policies of applicable Federal Law 45 CFR 46. .

In conducting research utilizing reconbinant DNA technology, the
Tavestigator(s) adhered to current guidclincs promuigated by the National

Institutes of Health, :
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I.  INTRODUCTION
A. The Problem

Marine biotoxins are among
known. Tbeir physiologizal ac

structures, not all of which have

constitute a hazard to human heal

the most potent naturally occurring toxins
tidns are diverse, as ‘are their molecular
been fully determined. Some of these toxins

th and safety. It is therefore imperative to

elucidate their structures and t9 make pure toxins available for the study of

pharmacological properties and

In this study we are pr

associated with the human fish in

maitotoxin, and with palytoxin.
~ set of problems.

1. Ciguatoxin (CTX)

Its molecular structure of ¢

Yasumoto and coworkers (Personal

thanisms of action.
incipally concerned with two toxins that are

toxication known as ciguatera, ciguatoxin and

Each of the three toxins presents a different

iguatoxin (1) has recently been determined by
Communication). The compound is a S55-carbon

chain fashioned into 13 contikuoun ether rings, reminiscent of okadaic acid

and the Lrevetoxins.

1 Rl = OH (Mooray ui)

1
® CHymCH-  (G. toxticus)
s K
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Laboratory culture and continued extraction of eel viscera are necessary in
order to
a. study the poorly known pharmacology and chemistry of the toxin
h. devise a monoclonal antibody-based diagnostic test to detect
ciguatoxic fish |
c. determine the absolute stereochemistry of the compound
d. initiate ml?cular modelling studies directed toward drug development

and therapy.

2. Maitotoxin
In contrast to ciguatoxin, which 1s soluble in organic solvents,

naitotoxin {s water-soluble. It was first described from the gut of

. herbivorous toxic fishes, where it occurs in low concentration. It has been

produced in a number of laboratories from cultured G. toxicus. Its molecular

structure is partially known.

3. Palytoxin

This toxin, whose structure has been known for several year.s and which
has recently been syhthesized’. has so far been isolated from toxic zoanthid
corals, Palythoa sp. Preliminary evidence suggests that the producer of this

toxin is not the coral . but an epiphyte, possibly a bacterium.

B. Current Status

1. Ciguatoxin

The PI reviewed the status of ciguatera research at the Mycotoxins and
Phycotoxins Symposium i{n August, 1988 in Tokyo., Japan. A copy of the paper is

attached as Appendix II. The principal development since then is the
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sA‘truct'ural elucidation of ciguatoxin by Yasumoto and coworkers (Personal
Communication). As a result, ciguatoxin production can now be dev'oted‘to the
tasks outlined under Section A.1 above. For work in Hawaii the best toxin
source remins eel viscera from Tarawa atoll, Republic of Kiribati, despite:
formidable communication and trénsportation problems.

There are preliminary indications (see Section II a, Table I and Figure
2) that our laboratory culture of G. toxicus produces a toxin that has a
plﬁrun;cologiéal profile of ciguatoxin but is less toxic than CTX. " If these

experiments can be r.ep'licated. production of this toxin will be ar. important

goal.

‘2. Mafrotoxin o ‘ | \

Replication of experiments tc evaluate our G. gtoxicus cultures (see .

' Section IIA), followed by quantification and upscaling will allow us to begin

maitotoxin production in the near future.

3. Palytoxin
Ve have not yet initiated research on this phase of the contract. Ve

will recru_ii appropriate personnel within the next few months.

' C. References

1. Kishi. Y. et al., J. Am. Chem. Soc. 1989, 111, 7525, 7530.




II. Results During Year II
A. DINOFLAGELLATE CULTURE
1.  INTRODUCTION

Previous reports have detailed the attemptc to establish cultures of the

benthic dinoflagellate Gambierdiscus toxicus and associated dindflagella'tes

under laboratory conditions. The results of these attempts are now presented,
with emphasis on the progress achieved since the last Quarterly Report was
submi tted.’ '

2. MATERIALS AND METHODS
2.1 Popylation densitjes of benthic dinoflagellates

The methodology used to determine the populnﬁon densities. of
dinof lagellates growing attached to macroalgae is as described previouély.
Briefly., species of macrolgae were hawe;ted in approximately S50g quantities
from .Kahnla Beach, Oshu. The algal samples were shoken in seawater and the
biodetrital material so obtained was filtered successﬁely thréuzh nylon
filters of mesh size 250, 100 and 37 um. The number of cells of Gambierdiscus
toxicus and other dinoflagellates in 1 mlL aliquots of the biodptritus fraction

(106 - 37 um) was determined using a calibrated water counting chamber.

2.2 t‘r dinof lagel lates
Batch and clonal cultures of Gambierdiscus toxicus and associated

dinoflagellates have been initiated as follows. Cells of dinoflagellate
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species are removed frcm the algal biodetritus with sterile micropipettes and
are washed in sterile seawater. For clonal cultures, single cells are

transferred to sterile test tubes containing 5 mL of ES medium (Provasoli,

- 1968). For batch cultures 20 cells are placed in 10 mL of ES medium. The .

cultures are maintained at 27°C on a 14:10 light:dark cycle at 1.0x10'® quanta
em™? s™! provided by "Cool White” fluorescent tubes (General Electric). At
three weeks, the cells are transferred to 125 mlL flasks containing 50 mL of ES
medium. Qxltﬁres so established are maintainced as stock cultﬁres in ES medium
and subcul tured every 3 - 4 weeks.

Axenic cultures of each clonal and Batch stock culture are obtained by
the following method. Samples of each stock culture (100 - 200 cells) are

washed in sterile medium using glass spotting dishes and transferred to ES

- medium supplemented with antibiotics (Penicillin:Streptoﬁycin: 2:1). After 48

h. the cells are placed in a 50 mL flask containing 20 mL of normal ES medium.

This process is being repeated at 3 - 4 week intervals.

2.3 Harvesting and extraction of ging{lggellateg
Fpr toxicity studies, batch and clonal cultures of Gambjerdiscus toxicus

were prepared as follows. Fernbach flasks each containing 1.5 L of ES medium

‘were inoculated with seed cultures of the dinoflagellate (approx. 200 mL; 200

cells/mL). The cells were maintained for 3 - 4 weeks as decribed previously,
at whilch time the cell density had reached 1 ~ 1.5x10° cells/mL.
The cells were harvested by filtration onto glass fibre filters (Whatman

GF/A), washed with deionized distilled water to remove salts and lyophilized.
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The washed, dried cells were sonicated in acetone and extracted in acetone
over 48 h. The extract suspension was filtered‘and the acetone~-insoluble
material extracted in methanol over 48 h. Solvent was resoved from both the
acetone and methanol extracts under vacuum (Buchi, Rotavapor) and the residues
taken to dryness .under .a stream of nitrogen. The crude extracts are being

stored at -20°C.

2.4 Mouse biossay ‘

Male and f@le mice (Swiss white:; 18-23g) were injected i.p. with doses
of the dinoflagellate extracts prepared as fine suspensions in 1X Tween 80 in
physiological saline. Signs expressed in the mice following administration of
the extracts were identifi’ed accordi‘ng to the criteria detailed in Hoﬁ"mn
ot al. (1963) and recorded at 1 h and then at intervals up to 48 h. The mice

were used and sacrificed in accordance with ethical standards.

2.5 Cardiotoxic effects of extracts of Gambierdiscus toxicus

The cardiotoxic effects of selected extracts prepared from cultured G.
toxjcus have been evaluated usiirg the following method. Male guinea-pigs

(300-500g) were sacrificed, the hearts excised, and placed in oxygenated

Krebs-bicarbonate solution. The left and right atria were dissected free and -

used separately to study the effects of the G. togxicus extracts upon the

electrically-stimulated and spontaneously-élicited contraction, respectively..

The left atrium was stimulated by rectangular pulses (1.5 threshold voltage, 4
msec duration and at 1.5 Hz) delivered through a Grass SD3 stimulator. The
isometric responses of both the left and right atria were measured using force

transducers and recorded on a Grass polygraph. The crude extracts were




dissolved in 10X methanol and 100 uL aliquots of the solutions added to the
organ bath to give a final concentration of 10 ug/mL.

3. . RESULTS

‘3.1 Population densities of benthic dinoflagellates

" The population density of Gambierdiscus toxjcus and Ostreopsis
lenticularis growinglattached to macroalgae collected at Kahaia Beach, Oahu,
has been monitored from September, 1988 to August,. 1589. The results of this

survey are presented in Fig. 1. There has been a gradual increase n the

. number of both G. toxjcus and Q. lenticularis growing att@ched to the r d afga

Spvridia filamentosa since March, 19689, with the maximum number i cells of
each speciés of dinoflagellate beirg rece.ded n August, 1989. Analysis of

biodetrital fractions obtained in June and August, 1389 revealed the presence

of both G. toxicus and Q. lenticylaris growisg attached to Acanthophora
. spicifera and Diciyota sp. (h_ one previous occusion, 0. lentfcularis had been

found in the biudetritus obtained frocw A. spicifera. whercas §. toxicus had

. been found growing only on S. f_;_l_a_gy\;o_g Other workers (Xwber et al..

1989); Gillespie et al.. 1985) have rcported that Q‘Lmy_:_qg disj:!ays an

_ apparent preference for certain species of macroalgae, pertic.larly those that

possess a filamentous and/or branched morph-logy and theretfore a large surface
area. However, it has also been demonstrated that G. toxicus will utilize a
wide variety of algal substrates, including species from different divisions

(Bomber.g al., loc. ¢it., Gillespie et al., loc. cit.).
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Fig. 1 The mean density of Gambjerdiscus toxicus [¢] and Ostreopsis
lentjcularis [' ] growing attached to the alga Spyridia filamentosa. Counts
were made of the dinoflagellates present in biodetrital meterial (37 - 100 um
fraction) obtained from plants to S. filamentosa collected from K:hala Beach,
Oahu. The mean densities were calculated from cell counte obtained from five
plants of S. filamentosa. Standard error bars are not shown.




3.2 Dinoflegellate culture

An inventory of the dinoflagellate cultures currently being maintained in

the Chemistry Department is presented in Appendix I. Six species of benthicl
dinof lagellate are being cultured, with cho’e-phuh on the ‘culturo of both
batch and clona! cnlturul of Gambierdiscus toxicus md Ostreopsis
lenticularis.” Oultures of G. foxicus have been initiated from biodetrital
sasples collected from Hawnifan and Tahitian waters. A total of eight batch
(non-clonal) and 34 clonal cuitures of G. toxicus and one batch and 28 clonal
cultures ofl. 0. um_mm are curr‘tmly being maintained in ES wedfim,

‘Certain cultures have been found to acclirite better to laboratory conditions

than others.  Cultures of C. toxicus that are growing well under the

‘condltiom described in the MNaterials and Methods section include clomal

cultures CT 41. 158, 174, 177, 181, 186 and 188 and TGT Stn4/2. Division
rates of 0.42 divisions/day have been recc. ied tur clone CT 188, while for the

other cultures the division rates range from 0.23 divisions/day to 0.8

dtvhlbm/dny. Frequent subculture of all cultures 1s undofuken 20 as to

achieve stable growth under laboratory c.ﬁndttlom.‘ The other four species eof

benthic dinoflagellate being grown are Prorocentrum lima. P. concavus.

Arohidinium sp. and {‘ag_ug monotis. Partially axenized cultures of all batch

and clonal cultures have been obtained. Whilst there is no evidence of
lnrfo—scalo injurious bacterial contamination of the stock cultures, efforts

will continue to obtain totally axenic cultures.

3.3 Toxicity of extracts of cultured dinoflagellates
Extracvti obtained from bYoth batch and clonal cultures of Gambjierdiscus
toxjcus end cultures of Ostreopsis ‘lenticularis and Prorocentrum lims. have




-11 -

been ovaluntid for toxicity using the mouse bioassay. Data pertaining to the
cell and crude dtmt yields for one liter culturrn of theso dinoflagellates
are detailed in Table I. The weight of lyophilized cells obtained has been
found fo vary both for liter cultures derived from the same stock culturo.nnd
'lor those grown fros djﬂorcnt stock cultﬁru. These Jhcrmncin may
reflect the degree of bacterial contamination associated with {ndividual stock
cultures. For example, cultures that are only partially axenized tend to
produce large amounts of mucous and the weight of cells obtained 1{s
‘considerably higher than that recorded for cultuv es such as CT 41 nndvg. 10X..
KT 18/1 that are testing bacteria-free. Both the metiancl and acetone
extracts of cultured G. tgxicus have proved to be toxic when tested in the
mouse bikouuy.‘ In the case of the acetone extracts, the only sign of
| toxicity evident in the mice have been the onset of severe diarrhea, with all
of the mice surviving the 48 h test period. The upthnnol extracts have proved
fo be far mors toxic, inducing a rth‘o of toxic signes in the test m!-lg
including ataxia, wobbling gait, reduced fcrelimb grip, loss ot' body tone with
associated hypothermia. cyanosis and breathing difficulties. Death
accompanied by terminal <convuisions has been recorded at 4 h
post-administration of the extracts, with the prieary cause of death being .
re;piratory paralysis. Nethanol extracts ;;rep-rod from culture~ of
Prorocentrus 1ims have also proved to be lethal to mice at a dose (1.p.) of 10
wg/kg. E:tracts 6{ one culture of Qstreopsis lenticularia were not toxic to

mice.



Table I. Cell and Extract Yields, Toxicity to Mice of Crude Extracts from
Cuitural Dinoflagellates’

CULTURE YIELD OF  YIELD OF EXTRACT (mg) TOXICITY T0 MICE
CELLS (»g) A n A N
BATCH CULTURE
G. tox.:KB 1/18
(A) 23.4 13.0 24.0 " »(L)
(B) 3.6 1.6 5.0 ] »(L)
(€) 72.8 | .
G. gox.:KB 2/28 110.2
G. tax.:KB 6/7 :
Acanthoohora - 75.5 ,
1. tox.: Stn 4. 22.2 13.0 134 = (L)
Q. lent.; KB 1718  67.8 1.4 28 - -
CLONAL CULTURES
TGT Stna/2 232.1 170  14.2
GT 41 72.0
GT 174 242.2 22.0 " 14.0
CT 177 269.9 '12.0 16.0 " (L)
PL 4 (A) -  80.3 4.3 7.9. - (L)
PL4(B) 108.3 12.1 6.4 - (L)

4+ The yteld of cells denctes the weight (mg) of washed lyophilized cells
' obtained per liter of dinoflagellate culture. .The symbols A, B and C refer to
separate liter cuitures of the same stock culture of a particular
dinof lagellate species. The coding system used for the dinoflagellates is as

listed in the inventory of dinoflagellate cultures (Appendix 1). The yield of -

both the acetone (A) and methanol (M) extracts is expressed in mg. The
toxicity of each extract was evajluated using the mouse bioassay. The dose of
the crude extract advinistered {.p. to the mice was 10 mg/kg. The symbol »

. indicates that the extract induced toxic signs in the test animal, while the

symhol L indicates that the extract proved to be lethal.
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3.4 mmmﬂmwwm;m

Both the acetors and methanol extracts of Hawaiian Gambierdiscus toxicus
(Batch G. tox.. KB 18/1) have been found to be cardiotoxic when tested upon
the isolatad guinea-pig atrium. Rapreun‘tattv- traces obtained in the course
of these experiments are presented in Fig. 2. The motonf oxtract‘ (A.
10 ug/ml) of G. toxicus exerted a positive inotropic effect upon both the
slectrically-stimulated (Fig. 2;: pane]l 1) and spontanoously-beatim‘atrln
(Fig. 2, panel 3). Thl‘u‘ extract nl-o‘olicitold a positive chronotropic effect‘
‘upon the spontaneously beating atrium (Fig. 2: panel 3). The positive

inotropic effects of the acetone extracts of G. toxicus nri blocked in the

presence of the adrenergic blockers propanalnl and phentolamine and the sndium '

fon channel blocking agent. tetrodotoxin. The effects of' the G. ioxicus
acetone extract upon trln isolated ;ui‘nufpiz atria closely resemble those
described for ciguatoxin and for extracts of certain species of toxic fish
{(Miyahara gt al.., 19689). The effects of the i-tl;nnn;:l extracts (N: 10 ug/ml)
of G. S.QKISHI upon the ol‘ectrically-ltl-ulnted guinea-pig atrium are shown in
Fig. 2, panel 2. The extract induces a positive inotropic response ;inilnr to

thac ‘rocordbd previously for maitotoxin (Prof. Y. Hokama, pers. comm.).

4. CONCLUSIONS AND ONGOING STUDIES

In previous reports, it was noted that problems encountered in providing
a suitable environment for the culture of vbcnthic dinof lagellates, was
hampering attempts to establish cultures of these licronlgao‘ in the
. laboratory., These problems have now been largely ovofcour and cultures of G.

19xicus and associated dinoflagellates are being successfu!ly .~{intained in
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the laboratory. ‘I_'he primary objective of the ongoing work is to optimize the

growth of thJse cultures and to screen as many as possible for the presence of

toxic subs es. Those cultures that have already proved to be toxic in the
mouse bioasshy are being cultured in larger volumes so as to provide
sufficient tities of the crude extract for the purification of the toxic
components tq be attempted. Results obtained using the isolated guinea-pig
atrium suggest that a ciguatoxin-like compound(s) may he present in extracts
of Hawaifan ¢. toxicus. It is also likely that cultures of G. toxicus are
producing maitotoxin as has beep reported for cultures of . toxicus grown
elsevhere. Further experimentation is needed to ensure that this is tndeed
the ca.l'e. If is also planned to continue to study the optimization of the
growth of cultures that prove to be toxic in the bioassays. Experiments
dealing with modifications to the culture media supporting the growth of the
dinof lagellates have beer. initiated. Another series of experiments designed

to evaluate the use of different ‘sub-tratosv to facilitate the growth of G.

toxicus are planned. Of particular interest here will be the use of

microcarriers; these are small beads composed of a variety of materials
including gla"ua and plastic, that have been used in cell culture to facilitate
the growth of anchorage-dependent cell lines. If these uiérocarrlers can be
used in a siinilar fashion for the growtﬁ of G. toxicus., this would greatly
improve cell y.;elds and thereby increase the supply of extract required for

the purification of the toxic components.
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B. Ciguatoxin Isolation

Approximately ‘500 kg of f{ellowtail Amber jock, Seriola dumerilii. was
extracted whole to shorten the extraction p:;ocess and maximize total
ciguatoxin yield. A tptal of 70 pg of crude ciguatoxin was obtained as

determined by toxic reactions in mice. However, further purification and

‘testing indicated that substances in the crude isolate other than ciguatoxin

had contributed to the toxicity. Thus whole fish extraction yielded roughly

the same net amount of ciguatoxin as extraction of the fish viscera only.

Since the purification process had to be lengthened, whole fish extraction

became more time-consuming than visceral extraction. It was then decided that
subsequent extractions would be performed on the viscera only.

Subsequent visceral extractions of S, dumerilji also yielded small
amounts of toxin and required many purification itepl. Thus in June, 1989. itl
was concluded that only small quantities of toxin could be isolated from S,
dumerilii. and only at great effort.

In June, 19689, we resumed procurement of ee'l viscera from Tarawa despite
continuing commini.cat\ion and transportation problems. A Ishipment arriving on
July 5, 1989, contajined 1.65 kg of moray eel viscera, from which 8.5 ug of
crud; ciguatoxin was isolated. The ccncentration of ciguatoxin isolated per
kilégram- is roughly equivalent to that derived several years ago. Thus
ciguatoxiir levels in eels from Tarawa has remained constant, and Tarawa
remains an excellent source of ciguatoxin-containing eels.

Locally, recent ciguatera outbreaks had been reported, whicb prompted a
collection of moray eels from the Hyatt Regency Hotel beach in Kona and Anae

Hoomalu Bay, Hawgti. These eels were received via Di'. Hokama's laboratory and
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were extracted foi- ;:igtxatoxin. The mouse assay tests of t.he crude extracts
resulted in ciguatera-like Symptoﬁ;s in the mice, indicating the presence of
the ciguatoxin, but in small concentl;ations. These findings confirm a
possible ciguatera outbreak on the Big Island of Hawaii{ and also-indicate
further exploration a source of ciguatoxin. »

Rece‘ntly the question as to the stability of the ciguatoxin over time was
addressed. In Septe_mber. 1989, extraction was made of eels from Tarawa that
had remained unrefrigerated in transit for more than one week. "l'he to:'cicilty
qf this extract proved to be the same‘ as the toxicity of extracts from fx;eshly

obtained eels. This demonstrated that ciguatoxin remains stable in

unrefrigerated eels for at least one week.

Table II. Ciguatoxin Isolated from Seriola dumerilii and
Moray eels from the Period October, 1988, to September, 1989.

Extract Date wt. (kg) toxin{ug)
fish flesh /88 - 170 ~12
" and viscera to 9/89 '

eel viscera 7/11/89 1.65 . 8.5
(Tarawa)

ee]l viscera 8/30/89 0.96 - ~1.5 -

(Big Island) R

eel viscera 10/1/89 5.10 : 54
(Tarawa) -

A total of approximately 160 pg of 'thin previously and currently' .acCumulated,

has been prepared for HPLC pu_rificaltion.
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I1I. Cbnclusions

Gambjerdiscus toxicus culture i{s now well established. Replication of
recent toxicity assays ardi scaling up of toxin production are our immediate
tasks.

Accumulation of ciguatoxin from mooray eels will continue to provide
material for the dgtermination of the stereochemistry of the molecule; for
monoclonal antibody pr@ﬁction; and for pharmacology., including drug design.

Palytoxin research will be initiated.
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DINOFLAGELLATE CULTURES, CHEMISTRY DEPARTMENT, UNIVERSITY OF HAWAII
SEPTEMBER, 1989

Soucs ALGAL STRSTRATE 714 COLLICTOR
MG COLIONLES
& tozions Dadala 3. Spyridia filasestosa  1/10/89  B. NeCaffrey
& toxicw Iakala 3. dprxidis {ilaaentoss  3/31/89 B NeCaffrey
§ toricss  Dahala ). Sprridis filmsentoss  4/21/89 I MeCaffrey
$ nuzicw fahala ). Spyridie filameatoss  6/01/38 ). Corglat
§ toxicns Takals 3. Dictyots o, 0/ ). Corglat
& toicn Iahala 3. jcanthophors spieifers 4/07/80 ). Corglat
1nan
s. m Iitia, - )

ota inia 0. $0/8 1. MeCatfrey
§ tgicns  Mtia, '

sta.d “imads 0. /N 1. keCatfrey
CLORAS CULTVEES
Siadierdisces foxicas
uuI :
a% laala 3. Soridls fllageatsan  1/18/89 L. BeCaffrey
&) Labal2 3. Smpidia filaseatoss  1/18/89 B, BeCaifrey
1 155 Labala . - fovridis filwsentoss 472739 L. NeCafirey
o 15 Lahals 3. suridis fllesentons /2100 L. KeCaffrey
e 157 Iahals 3. sorxidia filamentons  4/21/89 3. KeCaifrey
s Iskals ). Soxidis {ilaneatoss  6/87/39 ). Corglat
] Lakala 3. Smidls filsaeatons ¢/01/89 ). Corgiat
eTm fahals 3. Soridis filegentoss  6/01/89 ). Corgiat
am fabals 3. Sorridle fllaseatoss  6/67/89 ). Corgiat
am Iabala 3. Sorxidia filageatoss  6/07/39 D, Corglat
am Ladals 3. Soreidis filepeatosa  671/89 ). Corgiat
o Labala 3. Sprmidis filaseatoss  GAT/89 D, Corglat
18 Iabala B. Soxidis filapeatosa  6/07/89 D, Corg'at
e Labala 3. $mpidls filasestoss  6/07/89 ). Corgiat
@t Iahala 3. Sooridis Lilapeatoss /0180 ). Corgiat '
T 188 Lahala 3. Sprridie filamegtosy ~ 6/07/89 ). Corgiat
in lakala 3. Orridis {ilageatoss  3/07/88 ). Corgiat
¢ 201 fahala ). Sorridis {llapeatoss  §/97/5}  B. Corgiat
o Ladala 3. Sprridis filseestess  6/07/79 D, Corgiat
e Labala . spireidis filssentons §/0:/8% D Corglat
e 2 fadala B. spyridia filepeatoss  €/01/18 ). Corgiat
e 2158 Iadala B. Spyridia filapentoga  6/87/88 K. BcCaffrey
e fadala 3. Spyridia filasestoss  6/07/89 8. MeCatfrey
T 228 Tahala B sprridia filaveatoss  6/07/89  D. Corgiat
e U akala D, Sorridis filameatoss  6/07/8%  D. Corglat
6T 239 lahala 3. Soyridis {ilsseptoss  6/07/88 ). Corgiat
{1 fahala 3. Svrridie filapeatoss  6/07/88  D. Corgiat
b{1 1441

TeToNGa Bebion., Tenia <. Siojve £ “'-“‘?"J .




e 1l Hiia,

sota Jacis sp. 5/30/89 . EeCaffres -
%18 Htia,

ot Jaais p. 5/30/89 B, BeCaffrey
mn o it

I 7 dals 9. 5/30/89 L. NeCaffrey

wn . 'iu’!. '

wote daia 0. 5/30/8 1. Eelaffrey
wrw - Btia,

sota danls 0. S/3/8 1. Kclalfrey
w8 litin,

wta iaia 0. 5/30/89 1. NeCalfrey
Ostzeopsis Jeaticalaris
| 11719
4103 COLTONES
0. leaticelaris Rabala B.  Spyridie f{ilewentosa  1/18/89 3. BeCaffrey
CLOBAL CULITIES
oh St Jamaif Rai  Sprridia filamentosa  12/87/89 L. BeCalfrey
oL 120 fadala 3. Acastbophors spicifera 6/07/89 - D. Corgiat
oL 12! laah b dcasthophora spicifera 6/07/83  D. Corglat
0% 13 Labala 3. Acanthophors spicifera 6/07/38  D. Corgiat
0L 127 ~ Inala 3. Acanthophora spicifera #/07/89 ). Corgiat
01 Ia2la B, Dictyots 0. §/01/88 ). Corglat
0 131 laala 3. Dictyota sy. 8108 D, Corgiat
oL 132 labala B. Dictyota 0. €/01/88 D Corglat
0L 134 faala 3. Dictyota o). §/01/88 ). Corgiat
0L 135 Iadala 3. Dictyota sp. 6701788 D. Corglat
0L 138 Iahala b, fetyota c9. -~ 80178 ). Corglat
0L 1 Lahala B. preidia filasentosa 6/07/89 D Corglat
ul 142 Tahala B. Spyridia filanentosa 6/07/83 D Corglat
0L 144 fahala . Spyridia filaweatoss  6/07/8%  D. Corglat
0L 148 [adala B. Serridis {ileneptosy 6/07/8% D, Corgiat
o1 fahala B. Sprridie {ilasentoss  6/07/89 D, Corglat
0L 14 faala B, Spyridia filanentosa §/01/89 ). Corgiat
0L 151 Ladala 3. Sprridis filesentcsa 6/07/89  D. Corgiat
0L 152 Takalz B. Spyridis Lilamentosa 6/01/89 ). Corgiat
oL 153 fadala B. Spyridia filementosa  6/%7/89  D. Corgiat
0L 158 lahals 3. Sprridis filamentoss  6/07/89  D. Corgiat
0L 158 fabala B Spyridig filasentoss §/01/89 D Corgiat
oL 158 laala B. mmm {ilanentoss  6/07/89 ). Corgiat
0L 159 fadala 3. Spyridia filasentosa  6/07/89 D Corgiat
0L 180 fabala B. ﬂm_m {1lapentyes 6/01/88 D, Corglat
06 162 Tahala 3. Sprridia filswcntoss §/07/83  D. Corgiat
0L 165 fabala B. Spyridia {ilaventosy §/07/89 D, Jorgiat
oL 178 Iadala B. $prridis filamentosy §/07/88 ). Corglat
Goolia ponotis
‘! Takala 3. Spyridia filaaentosy 4,21/8% 1. Belaffrey

Ca? fadala B. Spyridia filanentosa 421789 1. BcCaffrey
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CIGUATERA - WHAT WE KNOW AND WHAT WE WOULD LIKE TO KNOW

" PAUL J. SCHEUER

Department of Chemistry, University of Hawaii at Manoa, Honolulu, HI 9682
(USA) ‘

The discovery of Gambieidis:us toxicys in 1977 was the turning point in
cigvatera research. During the ensuing decade great strides have been made in
our knowledge and understanding of ciguatara. Major advances and remaining
unsolved problems are the highlights of toe following discussion.

INTRODUCT TON RS

A recent lead article in The Medical Journal of Australia (ref. 1} is
entitled. “What on earth is ciguatera? " The author answers the question ty
stating, “Ciguatera is an impressive type of fish poisoning which, omce

sxperienced. i{s never forgotten... In the same journal 1ssue Cillespie and
coworkers (ref. 2) render a concise account. of our current knowledgs and
understanding of ciguatera with emphasis on thu, situation in Au-tnlil.' In
other parts of the world. recent symposia and conferences have gensrated an
abundant ‘ciguatera literature (refs. 3-7), which at times has ogeemed to
outpace new findings and‘imtghts. This surge Jof interest may not necessarily
mean that ciguatera has become mnre prevalent. It may -arely be a reflection
on a tendercy of scientists to be attracted to puzzling problems. In this
paper I will highlight in roughly chronological order the major sdvances sad
the principal unsolved riddles. rather than atte:pt to present yst another

“comprehensive” review of ciguatera.

HISTORICAL NOTES

Modern scientific inquiry originated in Japan prior to World War II with
Hiyama's (ref. 8) detailed report on poisonous fishes in the South Pacific.
After the war, following a few earlv fragmentary studies (e.g. ref. 9) by the
late Professor Hashimoto of Tokyo University ciguatera research in Japsn

‘vigomsly resumed in the mid-196C's, an effort that Hashimoto's student.

Professor Yasumoto of Tohoku University, has continued with great distinction.

World War II, specifically United States involvement in the Pacific,
sparked Bruce llalstead's interest in ciguatera and led to his landmark three
volume treatise published between 1965 and 1970 (ref. 10). It remains the
definitive source of the history of ciguatera. The large list of Potenthlly
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ciguateric fishes (more than 400), frequently quoted. perhaps reflects the
glotal distribution of ciguatera, but mny of the cited reports have not been
rigorously confirmed by wmodern Iucmqun. Hiysma's estimates (ref. 8) of
fever than & hundred poisonous species is probably such closer te the sark.
Similarly, the late Prefessor mr;n nilitary service in the Pacific also
roused his interest ia ciguatera. He initiated a ressarch program at the
Untversity of Hawaii in the ®id-1960°s. Although trained in descriptive
wmarine bdiology Professer Banner recognized the multifaceted nature of
ciguatera and recruited s staff that included ecelogists, pharmcologists. and
chemists. I became ome of his sarly recruits. '

DISCOVERY OF CAMBIERDIACUM TOXIQUS :

Intuitive guesses and enpirically supported hypotheses of & diet-derived
toxin ware based on sheervations of the sporadic eccurrence of intoxications
and of the anatomy and feeding habits of reef Tiehes that had been ’QM
foxic by incontrovertible evidence, viz. hummn consusption. Randal.'s
hypotheste (Ref. 11) was the first comprehensive and well articulated theory
of the origin of cigmtora. It was the result of extensive field studies,
both scological and sehthyiologionl, in the Soctety lsiands and i1n the
Caribbean. From his seservations, from interviews with local people, and from
liternture ressarch, Randali conciuded that three types of fish tend te becoms

ciguateric - herbivoreus reef fish, detritus-feeding reef fimn, and lurge .

carniveres that feed on these (wo types of reef fish. Hence he postulsred
that the ta:idc organiem would be benthic sl “would most likely be an alga. »
fungus, & protoroan, or o tacterium.” Furthersore, W 4lgs sowid have to b
fine., perhaps & blus-green (cyanophyts). in ovrder te account. for the
sasmingly random outbreaks of cigudters in previvusly nontoxic areos Randell
aleo suggested that the appearance and growth of the tonic arganiwe was the
consmquence of new or donuded surfnces produced by naturel or san-eade evenie.
However, subssquent field studies designed te vbiatn experiments!l precl for
the new eurface theory during the 1900 's at & ciguntoxic reef in TAht] fatjed
to provide evidence. No sdditianml fisld or isdwratery seadise have been put
forth to bolster or refuts the hypothesis. Yet clircumstantial evigerncs in
support of such a new surface lh-oivy cont inues to come to lvght.

Discovery of (he predicted toxic procuriovf praved to b ‘eiunive feor

nearly twenty years, Despite wany dlhmt' efforts, which included .

mamination of atomech contents of numerous toxie fishes (ref 13) and careful
ecological, fchtyological, and bdischemieal serutiny of herbiverous murgeon
fishes (ref. 13) which aje often the cause of husan intonication, ne towie
algae. fungl. oF bacteris were fourd The decisive bBreakthrough by Yasumote
and coworkers (ref. 14) initiated & new phiise in ciguaters research

n
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Ricrescopic eamination of a sample of coral detritus from a texic area in the
Cambier Islands, French Polynesia, revesied that toxicity ef the sasple was
propertional te the mmber of cells of a new dinoflagellate. Rinlgoaalis ”..
subeoguently named Cembiardiscus taxicus (ref. 15). Fractionation of the
dotritus and purificaction of the dinoflageiiate toxin to an LD of 55 ug/xg
showed that two toxine osuld be oseparated. and that they exhibited

‘chrommtographic bshavior that paralleled those of ciguatoxin and maitotoxin.

In terms of mouse wmits. saltotoxin predominated by s ratie of 3.8:1. Jince
mitetenin is approxisately three tisse more toxic than ciguatestun (ref. 18),
the twe texins coatributed te toxicity on & nearly equal weight basis. At the
time, beth toxine ware but incompletely cha.acterized. By far the wajor
offert had deen directed teward structuwial elucidation of siguatonia, tha
toxin that eccumilates 1n large toxic carnivorous fish. Jaitotoxin first
described from the stomach centents of & Tahitian surgeonfish (maitg) (ref.
17) was }nown and recognized by t1te water solubility, but beceuse of the smil
size of ih- surgeenfish wvas even wore difficult to procure tham cimtaitn.
Net all wild pepulations of (. laxicus elsborate cigustoxin.  In
Australia. Ctllespie gt al. (ref. 18) found that G. taxicus from Flinders Reef
(27* lstitude) in Southerm Queensland contained Nigh oencentrations of
vater-soluble Wt ne liptd-soiuble toxin. In = 19-aonth study they also

~demonstrated that §. toxicus popu'ations peaked in September. ceinciding with

low water tewperatures.

Results of a study in Hawaii (ref 19) parsllelied those from Fremch
Polynesia (ref. 20}. The water-soluble pridcnlmu‘ over the ether-esluble
toxie fraction in & ratte of 26 1, but the everall level of toxicity wae
distinetly lower. It 15 net Jnown vhather this is an envirenmenta; er genetic
phonomenon. = Anether interesting difference ~ams te Jight ta t'e MNawait
investigatien. Im a survey in French Polynesia. Yasusote -nll eo'nrﬁon (reof.
il) ohoerved preferential settiing of G foxicus on & red algn. Jenis o»..
while the Mewaii werkers decumented preferential settling en the red sigs
Sovridia {ilassniom.

Vild populatione of ¢ toxicus from the Caribbean (ref. 22) siso
furnished lipid-soludble end water-soluble toxic fractions, but the
11pid-soluble mmteria) did not elicit symptome in mice which are normally
associated with thoee produced dy fish-extracted ciguatonin

G. IOXICS CuLTURE

Throughout the twenty year span between the Randall hypothesis (refl 11)
and the discovery of G 1ggigup. the hane of ciguatera research was the lack
of toxin for research in Chemistry and FPharmmcology 1t was woll recognized
that the liver and viscera o} the latge carnivaores., as o ¢ moray eels. proved




to bo the richest raw material for the emtraction of ciguatoxin (ref. 23), but

oven Lheee sources contained toxin aversging no more than qno‘%. Vhen ene
sdds to this the fermidable factors ef logistice and finances, spearing or
trapping the eels and transporting thes te & well-equippod laborstory. the
shutacles are indeed deunting. Suddenly, these problems would bde a thing of
the past. The discovery of the temic dinoflagellate G. Ioxicus. the
demonstration that it elaborates the ether-soluble ciguatoxis and the
water-soluble mitotonin (ref. 24), heralded & new ere in ciguaters research -
ssple tomin would be svailsble from dimeflagellate culture. There was sound

pe~codent for this optimistic prognosis: other toxic marine dinoflagellates, e T
petad: y Convaulax wpp. and Cyanodiniug sp.. had been successfully oultured for S

ssny years. T L
The state of euphoria was short-lived. First, the exparience gained {rom '
tha culture of free-swisming dinoflagellates ‘d'ld not readily c:tnﬁolno ,t0
the benthic epiphytic §. taxicus. which could not be gromn in large tanks nor
tould tts growth be enhanced by seratien or sgitation. Secondly, and more
nﬂom;xy. early cultures produced. maftotoxin but eﬁlg ainisal traces of
clipmatonin (ref. 20). Despite culturing efforts in different laboratories
tver the past ten years this disapyotnting sftustion has remained essentially
unchanged. Among recent experiences are those of Durant-Clement (ref. 25),
whe after considersble experimentaticn established cultures of . taxicus that
; wers conelstently toxic and produced water-soluble. maitotoxin-ltke, and
" ' 1ipid-soiuble, ciguatomin-like, frectioms in ratior thet varied from 9:1 te
7.86:2.8. ’
Niller and coworkers (ref. 26) sweceeded i1 growing §. igxicus from a
' Caribbean cellection .a & woderstely large scale (20 liter carboys). An
assessment of the nature of the toxine derived from this culture te difficult
_since the wm of the 1ipid extrset after four chromatographie purification
steps was 4.96 wg/kg. or only 0.01X ef the lethality of pure cigumtuxin.
Their wmater-soluble toxin was purified w an wso of 1.1 mg/kg. o
c Ciguatoxin production from cultured G. faxicus rewains to be achieved.
' There is sufficient circumstantial evidence that genetic factors - mistence
of nortoxic straine of §. toxicus (ref. 18) - and environmental parsmeters -
preferential settling on macroa'gae -~ play a role. ‘

Production of maitotonia from G. taxicus cultures has deen uucconful'.
Good progrin has been made toward structural elucidation or this toxin. which
is spproximmtely three times as large as ciguatoxin. Most if not all of this
has been achieved in Professor Yesumote's laborstory. 1 will restrict this
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account to the ciguatoxin structure, which has been our concern for some time.

While the total structure is still unimown, Tachibana (ref. 27) tsolated
chromatographically pure toxin ﬂth an Ln5° of 0.45 ug/ig.. This toxin
subsequently and serendipitously crystallized in an MMR tube enroute from New

Jorsey to Hawmaii. Whiie attempts to determine a 13C MR spectrum had failed.
the crystallinity of the toxin (Fig. 1) constituted additiona]l and welcome

proof of its homogeneity. Extensive 1" NMMR spectral snalyses of ciguatoxin at
600 MHz (ref. 28) resulted in estrblishment of the first unesbiguous standard
of comparison for all workers in the field.

Figure 1. Crystals of ciguatoxin (rom wettanol. Approximate length, 1 wm.

¥hile the mass spectral technology of the fl— did not allow hl;h'
resoclution mass measurements. a reliable molecular ion at w3 1.111.7 ¢+ 0.3

dalton was compatible with 'H MMR data. This number. combined with H M@
spectral interpretation. suggests ngﬂasmlg as the most plausible molecular
formula of cigumtoxin. ’

Yasumoto's discovery that okadaic acid, which he had isolated from the
marine dinoflegeliate, Prorocentrys lims (ref. 29), had the same
chromatographic mobility as ciguatoxin, placed the compound {n the class of
polyethers. Since ciguatoxin possesses only five hydroxy! groupr, the bulk of
fts oxygen atoms must be part of ather or ketal! Jinkages. A commrison of the

lnown structural paremeters of ciguato.in with those of okadaiz acid (1).
firee isolated from the sponge  Halichondria okadai (ref. a0).
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norhalichondrin-A (2)
from P. lims (ref.
ciguatoxin is by far
as yet unknown molecul

) is presented in Table 1.

MC“

from the same sponge (ref. 31), and prorocentrolide (3)

It is worth noting that

the most potent toxin among these four cowmpounds and the
jar architecture must account for this.
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TABLE 1

Cooparison of scirw tural foatures and lethality of several dinoflagellate
toxins

Oksdaic Acid Norhalichiondrin-A Prorocentrolide Ciguatoxin

n (2) (3)

Wol-.cular Cofeg1s  GooMa2 Cs6Hs™ia Gafas™1g

Formula

Molecular ¥Wt. 804 1,126 981 1.111
Unsaturation 11 19 ' 15 , 18
Chain Length . 38 53 49 ?
No. of Rings 7 16 7 ?
Methyls 5 4 5 5
Exome thy lenes 1 1 1 1
Hydroxyls 4 3 5
Ethers 1 7 k} ?
Acetal/Ketal 3 4 - ?
- Carboxyl, Ester 1 2 1 ?
Other Functions 2 C = C - 5CaC 1CaN 3€acC
1D, (mice) 0.19 mg/kg ? 0.4 ng/Xg 0.45 ug/kg
DETECTION

The topics in the foregoing discussion - origin of the toxin,
dinof lagellate culture., molecular structure - are of fundamental ‘scientific
importance. In fact, ciguatera is an extraordinary ecological phenomenon that
spans ‘trophic levels from unicellular algne to man. Bui if one ere to poll &
cross section of people who are familiar with ciguatera - fish eaters,
fishmongers, fishermen, scientists - in an attempt to pinpnint that aspect of
ciguatera that is of greatust concern, no doubt the leading answer would be.
detection of the toxin. A random event that occurs withcit & tell-tale red
tide, t)ﬁt infects a broad spectrum of food fishes, that produces toxins which
are tasteless, odorless, and survive cooking. is, as was quoted in the
INTRODUCTION, an impressive type of fish poisoning. Hence development of a
rapid, simple, and inexpensive test that sounds the alarm for the first person
who hondles the fish after it {s caught and tells that person whether the fish
is saofe to eat, would hel)p the consumer who needs uncontaminated fish as well
as the scientist who needs the toxic fish for research. While the day of a
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test that is comparable to the color change of litmus paper has not yet
arrived, great strides have been made toward this long sought-after goal.
Hokama and coworkers (ref. 33) first described a radioimwnoassay (RIA)

" for the detection of ciguatoxin in 1977. In their assay ciguatoxin was

eun,juatod to human serum albumin and the resulting conjugate was injected
into s..eep. Ciguataxin antibody produced by the sheep was purified and

coupled to radio-iodine (1251). The resulting radio-labelled antibody was

used successfully to screen more than 5,000 samples of ciguatera-prone
amber jack (Serjola dumerjlii. kahala) prior to commercial sales in Hawaif
between 1979 and 1961 (ref. 34).

, This was a major breakthrough since previous bioassays either depended on
feeding a portion of a suspect fish to & susceptible animsl (cat, mongoose) or
on lengthy extraction and partial purification of fish tissue, followed by
injection into a mouse. The RIA used small amounts of fish (10-20 pg) #nd no
longer depended on assay animals, but it still required a sophisticated
laboratory and a relatively long (4 hours) experimental protocol. It was
clearly not an invention that was readily adaptable for use on a fishing boat
or in & fish market. .

‘Hokama and coworkers (ref. 35) next turned to the development of an
enzyme immmoassay (EIA). They coupled their sheep anti-ciguatoxin to
horseradish peroxidase. This conjugate plus a suitable marker could be
evaluated by weasuring absorbance at 405 nm in a spectrophotomer. The new

. test provod'to be simpler and faster, but still depended on instrumentation.

It also appeared that compounds that are structurally related to ciguatoxin,
88 ¢.g. okadaic acid, would also bind to the sheep anti-ciguatoxin. This is
not necessarily a drawback, since okadaic acid, though less toxic, may well be
present in fish and contribute to the toxic syndrome.

The third stage of the quest for a ciguatera detection test led Hokama
(ref. 38) to his socalled stick test. in which & coated bamboo skewer is-
inserted into the fish. The stick is then rapidly prepared for insertion inte
the test (i.e'. sheep anti-ciguatoxin horseradish peroxiﬂase) solution and
visually mlhn'tpd. ¥hile this test is still not wholly specific and the
visual evaluation of a color involves subjec;ive factors, it {is rapid.
inexpensive, and can be used in the field.

THERAPY

The success achieved in the long quest for a rapid, simple, inexpensive

test for ciguatoxic fish. described in the previous section. was the result of

" a deliberate research program based on immunological techniques and spanning

more than a decade. Another unsolved ciguatera problem. what to do once
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intoxication has occurred. has apparently also found a sclution. In contrast
to the carefully charted and execuied program toward development of the stick
test, the n'c'ly suggested ciguatera treatment (ref. 37) was n‘qirial
discovery. Its importance to the people who live in endemic ciguatera regions
is underlined by the fact that the description of the therapy (ref. 37) was
preceded by » notice in the lay press (ref. 38) and was folllowed by an
editorial in & Honolulu newspaper (Fig. 2). The higply effective use of

Miracle drug

‘ DD mannitol to the list of miracle
drugs along with aspirin and venicil-
lin. Mapnitol, commonly used to re-

duce brain swelling, is an artificially pro-
duced sugar compound that has been found
to banish permanently all effects of the fish
poisoning ciguatera.

The antidote, discovered and tested by Uni-
versity of Hawaii physicians, has been used
on 40 seafood eaters who were seriously ill o
from the poisoning. The affliction is common ‘ « e
throughout the Pacific, in Florida and the Ca. '
ribbean. Ciguatera poisoning is rarely fatal,
but its symptoms — numbness, vomiting and
diarrhea — make victims miserable and can
cause unconsciousness. .

: Dr. Neal Palafox, a graduate of the UH , o ,
R John A. Burns School of Medicine practicing ' W
in the Marshall Islands, is credited with dis- '
' covering mannitol’s effect on ciguatera pa-
tients.

Although the drug hasn't been used in Ha-
waii, there is no reason to doubt it wouldn’t
perform just as well here. Seafood lovers can
eat a little easier now '

Fig. 2 Honolulu Stgr-Bujletin. June 6. 1988
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intravenous infusion of D-zannitol (4) with dramatic results was foreshadowed
by similar, though ineffective, calcium gluconate therapy in Fiji (ref. 39).
The very much lower dose of calcium gluconate infusion may well account for
its failure at the time. Both gluconic acid (5) and mannito]l are simple
hexose derivatives which differ in only two of the six carbons. This
coincidence may prove to be of theoretical interest once the structures of
ciguatoxin and maitotoxin are known: Computer modelling studies may then shed
light on the mechanism by which intoxication takes place.

.
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CONCLUSION

The decade since the discovery of Gambierdjscus toxicys has seen
impressive progress in ciguatera research: G. toxicus is being cultured and
the cultures are producing maitotoxin: ciguatoxin has been spectrally
characterized and has Leen obtained as a crystalline compound: a simple.
rapid, inexpensive test is at hand: and an empirical therapy appears to be,
effective. Still poorly understood are the ecology of G. toxicys: the factors
- genetic and/or environmental - that govern ciguatoxin biosynthesis in wild
and In cultured populltio;ll: and the interrelationship of ciguatoxin and
maitotoxin at all trophic levels.
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